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Experimental
General considerations. All reactions were performed under an N2 atmosphere in an M. Braun glovebox maintained at or below 1 ppm of O2 and H2O. Glassware was dried at 160 ˚C under vacuum. Solvents were dried by passage through Q5 columns from Glass Contour Co., with the exception of THF, which was distilled under Ar from a potassium benzophenone ketyl solution.
THF-d8 was dried in a potassium benzophenone ketyl solution and distilled before use.
Complex 1 was prepared as reported previously.
1 Na sand was obtained by exhaustive washing of a Na (25-35 wt %) dispersion in paraffin (Sigma Aldrich) with pentane. KC8 was prepared by heating stoichiometric amounts of potassium and graphite at 140 °C under an argon atmosphere. Rubidium on graphite (RbC8) was prepared by heating stoichiometric amounts of rubidium and graphite at 130 °C under an argon atmosphere. Cesium on graphite (CsC8) was prepared by mixing stoichiometric amounts of cesium and graphite at ambient temperature under argon atmosphere. were recorded on a Bruker Avance 400 or 500 spectrometer (400 or 500 MHz). The temperature of the measurements was determined by the frequency difference between the two observed peaks for a neat methanol sample 3 . All resonances in the 1 H NMR spectra are referenced to the residual solvent peaks (δ 7.16 ppm for benzene, δ 3.58 ppm for THF). Resonances were singlets unless otherwise noted. Line fitting of the resonances in the 1 H NMR spectra was performed using MestReNova 10.0.1. Mössbauer data were recorded on a SEECo spectrometer with alternating constant acceleration; isomer shifts are relative to iron metal at 298 K. The sample temperature was maintained at 80 K in a Janis Research Company Inc. cryostat. The zero-field spectra were simulated using Lorentzian doublets using WMoss (SeeCo). Elemental analyses were obtained from the CENTC Elemental Analysis Facility at the University of Rochester.
Microanalysis samples were weighed on a PerkinElmer Model AD-6 Autobalance, analyzed on a PerkinElmer 2400 Series II Analyzer and handled in a VAC Atmospheres glovebox under argon.
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Complex 3 • [Na(THF)3]2
A solution of 1 (266.1 mg, 0.50 mmol) in THF (4 mL) was stirred in a cold well at -78 o C (dry ice/acetone) for 15 minutes. A suspension of Na sand (12.9 mg, 0.56 mmol) in THF (2 mL) was added dropwise. The mixture was stirred at ambient temperature for 1 h, then filtered through a plug of Celite. Pentane (6 mL) was added and the mixture was cooled to -40 o C. After 16 h, dark crystals were collected via filtration, washed with pentane and dried under vacuum (127 mg). The mother liquor was dried to give a brown residue, which was extracted with THF (4 mL). The extracts were filtered, pentane was added (5 mL , 7.73; N, 9.11. Found C, 59.22; H, 7.50; N, 9.44 (~6 equivalents THF were confirmed through integration in the 
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Figure S1
.
1
H NMR spectrum of complex 3 in THF-d8. * indicates peaks originating from the partial dissociation of the dimeric complex.
Complex 3 • [K(THF)]2
A solution of 1 (80.1 mg, 0.15 mmol) in THF (1.5 mL) was stirred in a cold well at -78 o C (dry ice/acetone) for 15 minutes. Solid KC8 (21.7 mg, 0.16 mmol) was added, after which the mixture was removed from the cold well, and was stirred at ambient temperature for 1 h. The dark mixture was filtered through a plug of Celite, mixed with pentane (3 mL) and cooled to - Repeating the last step gave a third crop of dark crystals (10 mg). Combined yield: 78 mg, 81%. *integral deviates from the expected value, presumably due to the broadness of the resonance. Magnetic moment using Evans method (THF-d8, 283 K): µeff = 6.9 , 56.23; H, 6.76; N, 10.96. Found C, 56.17; H, 6.35; N, 10.96 Repeating the last step gave a third crop of dark crystals (9 mg). Combined yield: 59 mg, 79%. Repeating the last step gave a third crop of dark crystals (8 mg). Combined yield: 53 mg, 77%. 
Monomeric complexes 4-Na, 4-K, 4-Rb and 4-Cs
Dimeric complexes 3 and 5-7 in THF-d8 solution fully convert to the corresponding monomeric species in time. 
4-Na:
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Mӧssbauer spectra of dimers (3 
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Cs Na K
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Determination of activation parameters for the conversion of 3-Na into 4-Na
Solutions of 3-Na (7.0 x 10 -3 M) were made inside a N2 filled glovebox using cold THF, placed in a J. Young NMR tube and transported cold to the NMR spectrometer to prevent dissociation into the dimer. The NMR tube was subsequently placed in the NMR spectrometer at the preset temperature after which spectra were recorded at regular intervals to monitor [dimer] through integration of the well separated SiMe3 resonances. Curve fitting of the decay curves using Eq. 1 afforded rate constants, which were used to generate an Eyring plot with slope = ΔH ‡ /R and intercept = ln(kB/h) + (ΔS ‡ /R) where R is the gas constant, kB is Boltzmann constant, and h is ) were obtained from an Eyring plot ( Figure S16 ) that was generated using rate constants obtained from the slope of plots of ln[dimer] vs time ( Figure   S10 -S15). Uncertainties in the rate constants are standard errors determined from curve fitting using Kaleidagraph (4.5.0). The uncertainties in the activation parameters were determined by propagation of the errors obtained from linear regression in the Eyring plot.
[
Eq. 1 Table S1 . Rate constants obtained from curve fitting. 
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Figure S17.Mӧssbauer spectrum of a THF solution containing partially dissociated 3-Na/4-Na. Figure S18 . Displacement ellipsoid plot (50% probability) of complex 3-Cs showing the repeating polymeric structure.
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X-ray Absorption Spectroscopy
Fe K-edge data were collected on the 16 pole, 2 T wiggler beamline 9-3 at the Stanford Synchrotron Radiation Lightsource (SSRL) under ring conditions of 3 GeV and 500 mA.
Samples were diluted in BN, pressed into a 1 mm aluminium spacer and sealed with 37 μm Kapton tape. A Si(220) double-crystal monochromator was used for energy selection and a Rhcoated mirror (set to an energy cutoff of 9 keV) was used for harmonic rejection. Internal energy calibration was performed by assigning the first inflection point of a Fe foil spectrum to 7111.2 eV. Data were collected in transmission mode using N2-filled ionization chambers with the sample maintained at 10 K in a liquid helium flow cryostat. Data represent the average of 4 scans. Data were processed using the MAVE and PROCESS modules of the EXAFSPAK software package, 5 by fitting a second-order polynomial to the pre-edge region and subtracting this background from the entire spectrum. A three-region cubic spline was used to model the smooth background above the edge. The absorbance was normalized by subtracting the spline and normalizing the postedge absorbance to 1.0.
Temperature dependence of µeff (T) for 3-Na
SQUID measurements of a solid sample of 3-Na in the temperature range 50-300 K showed a magnetic moment (µeff) of 7.6 µB. (Figure S19 ). The result is notably close to the spin-only The high temperature data above 50 K can be simulated with four uncoupled or weakly coupled spins (yielding gFe = 2.073, curve A, top), as well as with strong Fe-radical coupling, -JFe-rad > 300 cm -1 (yielding gFe = 2.64, bottom). In an alternative fit, the lower limit for Fe-radical coupling is |JFe-rad| = 180 cm . The peak of µeff(T) below 30 K is too steep to be simulated by any choice of J in a spin tetramer. We assign the peak to a weak intermolecular interaction.
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X-ray Crystallography
Cryo-mounting of crystals
A glass slide with a drop of Fomblin immersion oil, a sealable 100 mL vial, and a spatula were cooled in a glovebox cold well at -78 °C (dry ice/acetone). With the cold spatula coated immersion oil, crystalline material was scooped directly from a vial containing the crystals and mother liquor, and transferred onto the immersion oil on the cold slide. The slide was transferred into the precooled 100 mL vial, and transported on dry ice to a microscope equipped with a cold stream (-80 °C). A crystal was selected, mounted on a loop, placed in a cold cryo-pin tong, transported in liquid N2 and mounted on the diffractometer under a cold stream -180 °C.
3-Na
Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled to a Saturn994+ CCD detector with Cu Kα (λ = 1.54178 Å) for the structure of 3-Na. The diffraction images were processed and scaled using the Rigaku (2 1 4) was improperly recorded and subsequently omitted. The full numbering scheme of compound 3-Na can be found in the full details of the X-ray structure determination (CIF), which is included as Supporting Information. CCDC number 1815890 (3-Na) contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Figure S20 . A partial numbering scheme of 3-Na with 50% thermal ellipsoid probability levels. The hydrogen atoms have been omitted for clarity. S-24
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4-K
Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled to a Dectris Pilatus3R detector with Mo Kα (λ = 0.71073 Å) for the structure of 4-K. The diffraction images were processed and scaled using Rigaku Oxford Diffraction software (CrysAlisPro; Rigaku OD: The Woodlands, TX, 2015). The structure was solved with SHELXT and was refined against F 2 on all data by full-matrix least squares with SHELXL (Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122) . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in the model at geometrically calculated positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms to which they are linked (1.5 times for methyl groups). One carbon atom in one of the four THF molecules is disordered over two, equally occupied sites. No additional restraints were required and the hydrogen atoms were placed as riding atoms to reflect the disordered positions. The full numbering scheme of compound 4-K can be found in the full details of the X-ray structure determination (CIF), which is included as Supporting Information. CCDC number 1815888 (4-K) contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Figure S21 . The complete numbering scheme of 4-K with 50% thermal ellipsoid probability levels. The hydrogen atoms are shown as circles for clarity. 
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3-K Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled to a Saturn994+ CCD detector with Cu Kα (λ = 1.54178 Å) for the structure of 3-K. The diffraction images were processed and scaled using Rigaku Oxford Diffraction software (CrysAlisPro; Rigaku OD: The Woodlands, TX, 2015). The structure was solved with SHELXT and was refined against F 2 on all data by full-matrix least squares with SHELXL (Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122). All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in the model at geometrically calculated positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms to which they are linked (1.5 times for methyl groups). Two THF molecules have disordered carbon positions. C20 and C23 have split positions. There major and minor sites are distinguished with the suffixes "A" and "B", respectively. The site occupancies for these sites converged to values of 0.60(3) and 0.40 (3) . The hydrogen atoms associated with the disordered positions were geometrically generated as riding atoms. All chemically equivalent C-C bonds were restrained to be similar. There appears to be at least 4 sites in the asymmetric unit that are occupied by solvent. However, 2 sites are disordered across a crystallographic inversion and all of these solvent sites show signs of disorder. The 2, fully occupied sites on general positions appear to be THF molecules. There atomic parameters are copied below: The other two sites near crystallographic inversions could be either pentane or THF. Ultimately, the program SQUEEZE was used to compensate for the contribution of all disordered solvents contained in voids within the crystal lattice. This procedure was applied to the data file and the submitted model is based on the solvent removed data. Based on the total electron density found in the voids (272.5 e/Å 3 ), it is likely that ~6 pentane molecules, ~6 THF molecules, or some combination of these solvents are present in the unit cell. See "_platon_squeeze_details" in this .cif for more information. The full numbering scheme of compound 3-K can be found in the full details of the X-ray structure determination (CIF), which is included as Supporting Information. CCDC number 1815891 (3-K) contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Figure S22 . The complete numbering scheme of 3-K with 50% thermal ellipsoid probability levels. The hydrogen are omitted for clarity. 
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3-Rb
Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled to a Dectris Pilatus3R detector with Mo Kα (λ = 0.71073 Å) for the structure of 3-Rb. The diffraction images were processed and scaled using Rigaku Oxford Diffraction software (CrysAlisPro; Rigaku OD: The Woodlands, TX, 2015). The structure was solved with SHELXT and was refined against F 2 on all data by full-matrix least squares with SHELXL (Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122) . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in the model at geometrically calculated positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms to which they are linked (1.5 times for methyl groups). Three THF molecules and one TMS functional group show signs of disorder based on the difference map. For THF, The difference map suggest only two sites for disordered atom positions. The site occupancies of these atoms were freely refined to converged values. In all cases, the disordered pairs were nearly equal in their site occupancies. The disordered TMS group was also modeled over two positions, but the freely refined site occupancies converged near a 0.75:0.25 split. All disordered C-C, C-O and Si-C bond distances that were chemically identical were restrained to be similar. The program SQUEEZE was used to compensate for the contribution of disordered solvents contained in voids within the crystal lattice from the diffraction intensities. This procedure was applied to the data file and the submitted model is based on the solvent removed data. Based on the total electron density found in the voids (258 e/Å 3 ), it is likely that ~6.5 THF molecules are present in the unit cell. See "_platon_squeeze_details" in this .cif for more information. The full numbering scheme of compound 3-Rb can be found in the full details of the X-ray structure determination (CIF), which is included as Supporting Information. CCDC number 1815889 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Figure S23 . The complete numbering scheme of 3-Rb with 50% thermal ellipsoid probability levels. The hydrogen atoms are omitted for clarity. 
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3-Cs
Low-temperature diffraction data (ω-scans) were collected on a Rigaku MicroMax-007HF diffractometer coupled to a Dectris Pilatus3R detector with Mo Kα (λ = 0.71073 Å) for the structure of 3-Cs. The diffraction images were processed and scaled using Rigaku Oxford Diffraction software (CrysAlisPro; Rigaku OD: The Woodlands, TX, 2015). The structure was solved with SHELXT and was refined against F 2 on all data by full-matrix least squares with SHELXL (Sheldrick, G. M. Acta Cryst. 2008, A64, 112-122) . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms were included in the model at geometrically calculated positions and refined using a riding model. The isotropic displacement parameters of all hydrogen atoms were fixed to 1.2 times the U value of the atoms to which they are linked (1.5 times for methyl groups). The initial solution appeared to be ordered with some possible sites of disorder in the THF molecules coordinated to the Cs. However, the difference had seemingly random peaks in chemically unreasonable positions. The distances between the largest difference map peaks (Q1: 9.03 Q2: 8.55) was 5.9419(2) Angstroms. This is similar to the distance found between Cs1-Cs2: 5.8259(2) Angstroms. These two difference map peaks were modeled as disordered Cs atoms Cs1b and Cs2b. Their site occupancies were freely refined and suggested an occupancy of 0.03. The site occupancies were fixed and the thermal parameters were constrained to be the same as Cs1 and Cs2. A second set of large difference map peaks (Q1: 4.97 Q4: 4.44) appeared after the Cs atoms were modeled as disordered. The distance between Q1 and Q2 is 3.94974(14) . This is similar to the Fe1-Fe2 distance of 3.97824(14) .
It is possible that there is whole molecule disorder of the complex. Using orthogonal coordinates of the major orientation as a templet did not provide a stable model of whole molecule disorder. The Cs atoms were left modeled as disordered, but the remaining atoms were refined at full occupancy. The sites Q1, Q2 and other large difference map peaks were left without a model. The full numbering scheme of compound 3-Cs can be found in the full details of the X-ray structure determination (CIF), which is included as Supporting Information. CCDC number 1815892 (3-Cs) contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Center via www.ccdc.cam.ac.uk/data_request/cif. Figure S24 . The complete numbering scheme of 3-Cs with 50% thermal ellipsoid probability levels. The hydrogen atoms are omitted for clarity. Calculations. All calculations were performed with the electronic structure program ORCA. 6 Single-point DFT calculations used the B3LYP 7 hybrid functional on the crystallographic coordinates of 3-Na with counterions and solvent molecules removed. The scalar relativistically recontracted def2-TZVP(-f) were used all atoms and enhanced integration accuracy was used for iron (SPECIALGRIDINTACC 7).
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8
Calculations with hybrid functionals used the RIJCOSX algorithm to speed the calculation of Hartree-Fock exchange.
9
Calculations included the zerothorder regular approximation (ZORA) for relativistic effects 10 as implemented by van Wüllen.
11
Auxiliary basis sets for all complexes used to expand the electron density in the calculations were chosen to match the orbital basis. The self-consistent field (SCF) calculations were tightly converged (1 × 10 -8 Eh in energy, 1 × 10 -7 Eh in the density change, and 1 × 10 -7 in the maximum element of the DIIS 12 error vector). The geometry search for all complexes was carried out in redundant internal coordinates without imposing geometry constraints. We used the broken symmetry (BS) approach to describe our computational results for all compounds. 
